Vol. 214, No. 2, 1995 
September 14, 1995 



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 310-317 



GROWTH AND MATURATION OF SMALL HEPATOCYTES 
ISOLATED FROM ADULT RAT LIVER 

Toshihiro Mitaka*, Takashi Kojima, Tom Mizuguchi, and Yohichi Mochizuki 

Pepartmfent of Pathology, Cancer Rese^ch Institute, 
, Sapporo Medical Unwersity School oJF Medicine, Sapporo, JAPAN 

Received August I, 1995 . 

Sinall hejpatbcyfes existed in thei supernatant following low-speed 
centrifugation of the cell siispension after collagenase liver perfusion* The cells 
proliferated for more than 2 months and formed colonies in the Dulfeecco's 
modified Eagle's medium supplemented with 1 0 raM nicotinamide, lbl& fetal 
bovine serum, 1 mM ascorbic 2-phpsphate, and 10 ng/ml epidermal growth 
factor. One small celt finally proliferated tp several hundred cells. In addition, 
soipe <q£lls trji th^pplpnies were shown to differentiate;^ 
that h^d a large cytoplasm and sometimes two nuclei The secretion ;p^ 
in the medium by the hepatocytes increased with time in culture, and thje qells 
possessed cohnexin 32 in their cell membrane and many peroxisomes. Thus, the 
small h^patpcyteis iti^y be vcpiiunitted progenitor cells" which c^fruther: v; 
differentiate into mature hepatodytes- 0199s Academic press; incV 



. We |haye reported that th^prohferatl^ p>f adM^ 
in serum-free medium supplemented with 10 mM nicptinamide an^ 10 iigi/ihl 
EGF (1,2). The prdliferatmg cells are mainly mononucleate aWd foirinl small- 
cell colonies suirounijed ^ 

colonies show a less differentiated appearance, they immunocy tochemically and 
ultrastmefcirally (3). The small hepatocytes can 

proliferate for about 3 weeks and they suddenly die because the cells reach 
confluence, lliis finding suggested that the small hepatocytes might continue to 

* All correspondence should be addressed to Dr. To$hihirp Mitaka, 

Department of Pathology, Cancer Research Institute, Sapporo Medical University 

School of Medicine^ S-l, W-17, Chuo-Ku, Sapporo 060, Japan. 

Abbreviations used: EGF, epidermal growth factor; DMSO, dimethyl sulfoxide; 
Asc2P, ascorbic acid 2-phosphate; DMEM, Dulbecco's modified Eagles' medium; 
ELISA, enzyme-linked immunosorbent assay; BSA, bovine serum albumin; FBS, 
fetal bovine serum; CK, cy tokeratin; PC, parenchymal cell; NPC, non- 
parenchymal cell; AFP, A-fetoprotein; FITC, fluorescein isothiocyanate. 
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proliferate if they could be individually isolated. In this report we show that the 
small hepatocytes existed in the supernatant following low-speed centrifugation 
of the cell suspension after collagenase liver perfusion and that each small 
hepatocyte continued to proliferate for more than 2 months. Iri addition, some 
cells in the colonies were shown to differentiate into mature hepatocytes. 

Materials and Methods 

Isolation of cells: Male Sprague-Dawley rats, weighing 300 to 450 g were 
used to isolate cells in livers by the two-step liver perfusion method of Seglen (4) 
with some modification (2). The cells were suspended in L-15 medium with 
0.2% BS A, 20 mM HEPES, 0.5 ug/ml insulin, lCf 7 M dexamethasohe and 
antibiotics. The suspension was centrifuged at 50 x g for 1 min. Pellets 
(parenchymal cell [PC] fraction) were used for isolating parenchymal cells. The 
supernatant (non-parenchymal cell [NPC] fraction) was used to isolate individual 
small hepatocytes. The procedure was carried put as Tateno and Ypshizato 
reported (5) with some modification. The supernatant was collected and 
centrifuged at 50 k g for 1 min. After this procedure was repeated, the 
supernatant was centrifuged at 150 x g for 5 min, and the pellet was then 
resuspended in fresh medium. This procedure was carried out twice. The 
number of cells in the suspension, the size of which seemed to be larger than that 
of lymphocytes, was counted. Then,9xl05 cells were inoculated onto 35-mm 
culture dishes coated with rat tail collagen, the cells were placed in an air 
incubator at 37°Ci Two to three hours later, the medium was changed to DMEM 
supplemented with 10% FBS, 10 mM nicotinamide, 1 mM Asc2P, 10 ng/ml 
EGF, 015 ug/ml insulin, 10" 7 M dexamethasone, and antibiotics. The cells were 
placed in a 5% COll95% air incubator at 37°C and 1 % DMSO was added to the 
medium from 4 days after plating. In the deletion experiment, the DMEM 
without each substance was added from 2 to 3 hrs after plating. The medium 
was replaced with fresh. medium every other day. 

Photographs of Cells: the same fields of cultured cells identified by needle 
marks were photographed each day using an Olympus phase-contrast 
microscope. ■ .. ; '' ' ' ' 

Cytochemical Examinations and Colony Counts: ; For 
immurioey tochemistry, mouse ahti-CK8 (Amersham), rabbit anti-rat albumin 
(Cappel), and rabbit rat anti-AFP (MBL) antibodies were used as primary 
antibodies. We used the ABC method, and diaminobenzidine was used as the 
substrate for peroxidase staining. For immuriofluprescent staining of connexin 
32, we used rabbit anti-conhexin 32 antibbdy (a gift from Dr. M. Mori) and 
FITC-conjugated anti-rabbit IgG. For enzyme-cytochemistry of catalase in 
peroxisomes, the method of Furukawa et al. (6) was used. 

To count the number of colonies, we used CK8-positivity for the 
identification of the hepatocytes in the colonies and regarded a cell cluster 
consisting of more than 8 CK8-positive cells as a colony. The dishes were fixed 
with cold absolute ethanol at day 10. The numbers of both the colonies strongly 
stained with CK8 and the cells in each colony were counted. We observed 30 
fields per dish and 4 dishes per batch. 

Determination of rat albumin secretion: Quantification of the secreted 
albumin was done by ELISA. We used the two-antibody sandwich method (7). 
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The primary antibody was goat anti-rat albumin antibody (Qappel). Peroxidase- 
cpnjiigated rabbit anti-rat albumin antibody (Cappel) was subsequently used. 
Aj&tS'was used as .a cbxomogehi,c;Sjibsi|a% 




substaiice forj&e growth of small hep^yteS wte 'm<#t&^\§(?^Me:l% DMSO 
supplement did not af feet the proliferation of hepatocy tes but seemed to suppress 



Figure 1. Phase-contrast photographs of cells cultured in DMEM supplemented 
with 10 mM nicotinamide, 10% FBS, ImM Asc2P, and 10 ng/rnl EGF 1 % 
DMSO was added to the medium from day 4 The cells within the same field 
marked by a needle are shown. (A) day 1 (about 24 hr after plating), (B) day 3, 
(C) day 4, (D) day 6. An arrowhead shows a small hepatocy te^orming a colony. 
An arrow shows a relatively large hepatocy te that has only divided twice. (A-D, 
x70) (E) day 10, (F) day 14, (G) day 18, (H) day 27, (I) day 31, (J) day 40, (K) 
day 52, (L) day 62. (E-L, x48) 
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Figure 2. 'The formation of sinalthii#*tecyte criaafa-ta-OMfW 
with;10 mM riicbtihamide, 10% FBS; ImM Asc2P, and lOng/ml EGF. 1% 
DMSO was added to the medium from day 4 (A; control). The pells were 
cultured in me medium wimout nicotinamide (B), FBS -(C), Asc2P (D>), or EGF 
(E). The dishes wesre fixed with cbid'absoltite ethanbl atday_ 10. 
Immunocy tbchemistry fcir CK8 was . carried out for. the identification of 
hepatocytes. Small hepatocytes in the colonies were strongly stained with CK8 
(x83). : 

the growth of NP cells as we previously described (2). As shown in Fig. % the 
amount of albumin in the culture medium increased as the colonies developed 
with time in culture. To examine whether the cells in the colonies were truly 
hepatocytes, cytochemical stainings were carried out as it is known that 
hepatocytes must possess albumin and peroxisomes in their cytoplasm and 
connexin 32 in the cell membrane (Fig. 4). The cells in the colonies showed 
positivity to albumin and connexin 32. In addition, many cells in the colonies 
had numerous large peroxisomes in their cytoplasm. Ultrastructurally, 
peroxisomes with a crystalline nucleoid were often observed in the cells (data not 
shown). Some hepatocytes in each colony randomly expressed AFP, but no 
relationship was observed between the AFP-positivity and the size of the cells. 

In the present experiment we showed that the proliferating hepatocytes 
existed in the NPC fractions of a cell suspension after collagenase perfusion of 
adult liver. The size of the cells was smaller than that of mature hepatocytes. 
However, their appearance was that of true hepatocytes and they had hepatic 
characteristics as shown by mimunocy tochemistry. It is of interest that some 
cells in colonies became mature hepatocytes which possessed a large cytoplasm 
and sometimes two nuclei. In addition, the other cells in the colony still 
maintained the ability to proliferate. Furthermore, relatively large hepatocytes 
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Table 1 

Number of col nies and of small hepatocytes per colony 



Deleted substances 


No. of Colonies 
per square milimeter 


No. of Cells per Colony 


Control 


2.13x0.12 




10 iriM Nicotinamide 


031 ±0.1 


v k 11.93 ± 2.49 


10% Fetal Bovine Serum 


0 38 ± 0.09 


163 ±1.93 


1 mM Ascorbic 2-Phosphate 


0.93 ±0.12 


16.5 ±0.75 


10 ng/ml EGF 


137 ±0.2 


20.7 ±3,16 


1% DMSO 


1,^7 ±0.17 


27.01 ±73 



The cells were cultured in the DMEM supplemented with 10 mM nic^tiri^ide, 10% FBS, 

I mM Asc2P, and 10 ng/mi EGF. 1 % DltisOwas added from day 4 (control); 

The dishes were fixed at day 10 and immunjocytochemistry for CK8 was conducted;. : 



in the cell suspension could also attach on the dish and (divide several times, but 
they could hot form a colony. As we have proposed, hepatocytes may be 
classified into three types of cells With respect to their ability to divide (8- 10) : 

(a) cells that have a high potential to r^oliferat^ md form colonies (Tyjpe I cells); 

(b) cells for which the number of possible cell divisions is limited to several 
divisions (Type II cells); (c) cells that lose the ability to divide (Type III cells). 
The small hepatocytes shown in this experiment seemed to be Type L cells, and 
might be "committed progenitor cells" which can further differentiate into 
mature hepatocytes. No clear marker was found to distinguish the cells from 
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Days after Plating 

Figure 3. Measurement of rat albumin in the medium secreted by small 
hepatocytes. The cells were cultured in the medium supplemented with 10 mM 
nicotinamide, 10% FBS, ImM Asc2P, and 10 ng/mi EGF. 1% DMSO was added 
to the medium from day 4. The medium was collected at the time of medium 
changes from the same dishes. An average of two dishes per experiment is 
represented in the figure and 3 separate experiments were carried out. >The 
ordinate indicates the amount of albumin in the medium (pg/ml/48 hr). The 
abscissa shows the days after plating. 



315 





Figure 4. Cytochemical studies of small-hepatocytes in the colonies (A) 
ll^ul^ytocHemistry for rat albumin at day ^•^ s \ c f s ^%^ 1 ^, n 
stained (x83> (B) Immunocytochemistry for rat AFP at day 50. Some cells in 
Sb» colony were randomly stained (x83). (C) Immunofluorescence for connexin 
32 at day 36. To induce connexin 32, 2% DMSO, 10-5 M dexamethasone and 
10-7 M glucagon were added to the medium for 10 days (xl65).(D) Enzyme- 
cytochemistry for catalase in peroxisomes at day 1 15. Relatively large cells have 
many granules in their cytoplasm, which is darkened (x83). 

other types of cells. Until now, the size of cells has been considered to be the 
most important factor in how many times hepatocytes divide. Barrandon and 
Green reported that clonogenicity of human keratinocytes in epidermis was 
closely related to cell size (11). The smallest cells were the most clonogemc. 
Although we still have to investigate where they are in the hepatic lobule, the 
existence of small hepatocytes in both PC and NPC fractions suggest that they 
may be inserted hepatic plates in the lobule and may be mistaken for mature 
hepatocytes. 
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